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ABSTRACT 

Long  term  effects  of  hydrospace  on  seals  and  gaskets  are  under 
Investigation  at  NCEL.  Phase  II  includes  investigation  of  the  effects 
of  cyclic  loading  on  fifteen  seal  systems  by  means  of  tests  in  pressure 
vessels.  Fourteen  of  fifteen  test  systems  withstood  20  pressure  cycles 
to  5,000  psl  without  leakage  or  visible  seal  damage.  Long  term  ocean 
exposures  of  seal  systems  are  planned. 
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INTRODUCTION 


Structures  which  must  resist  the  pressure  of  the  sea  water  when 
emplaced  on  the  floor  of  the  deep  ocean  require  seal  systems  of  maximum 
integrity.  Because  access  for  maintenance  at  great  depth  is  Infeasible, 
such  seal  systems  must,  for  long  periods  of  time,  resist  the  high 
pressures,  low  temperatures  and  corrosiveness  of  sea  water.  To  date 
there  has  been  no  long-term  testing  of  seal  systems  under  either  actual 
or  simulated  deep  ocean  exposure  conditions. 

Long-term  loading  tests  of  seal  systems  have  been  made,^'^^'  and 
long-term  deterioration  of  metals  and  elastomers  in  the  deep 

ocean  have  been  made;  however,  there  is  no  available  data  on 

the  combined  effects  of  material  deterioration  and  long-term  loading 
on  seal  system  performance. 

In  order  to  determine  the  combined  effects  of  material  deteriora¬ 
tion  and  long-term  loading  on  the  performance  of  seals  in  the  deep 
ocean,  the  Naval  Civil  Engineering  Laboratory  is  engaged  in  a  seal 
testing  and  evaluation  program.  To  evaluate  seal  performance,  seal 
model  test  jigs  were  designed  and  fabricated.  Many  different  types  of 
the  basic  seal  test  jigs  were  constructed  to  test  the  performance  of 
several  elastomeric  seals  in  flanges  and  grooves  of  various  configura¬ 
tions.  Preliminary  tests  of  these  seal  model  test  jigs  in  pressure 
vessels  showed  that  they  could  withstand,  without  leakage  or  visible 
seal  extrusion,  hydrostatic  pressures  of  5,000  psi  for  periods  of  one 
and  sixteen  hours. Similar  test  jigs  were  then  tested  i.i  pressure 
vessels  for  their  resistance  to  cyclic  loading.  The  test  cycle  con¬ 
sisted  of  sixteen  hours  of  pressurization  at  5,000  psi  followed  by 
rapid  pressure  release  and  eight  hours  at  ambient  pressure. 

PROCEDURE 

The  selection  and  design  of  the  seal  systems  and  seal  model  test 
jigs  used  in  this  test  are  given  in  Reference  5,  The  jigs  were  pre¬ 
pared  for  cyclic  loading  tests  in  pressure  vessels  using  the  procedure 
outlined  in  Reference  5.  The  model  test  jig  fixture  was  then  loaded 
and  lowered  into  the  pressure  vessel.  The  pressure  vessel  was  then 
closed  and  pressurized  with  chromate  inhibited  water  at  the  rate  of 
1,000  psi/min  to  5,000  psi  and  allowed  to  stand  for  the  prescribed 
period  (16  hours  except  for  longer  periods  due  to  weekends  and  holidays). 
The  pressure  was  then  released  at  5,000  psi/minute  until  ambient  pres¬ 
sure  was  reached.  The  jigs  were  left  in  the  pressure  vessel  below  the 
surface  of  the  chromate  Inhibited  water  at  ambient  pressure  for  the 
prescribed  period  (8  hours)  except  for  longer  periods  due  to  equipment 
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failure,  weekends  or  holidays.  Detailed  pressure  cycling  durations  and 
descriptions  of  test  specimens  are  given  In  Tables  1  and  2. 

After  the  completion  of  twenty  test  cycles  the  test  jigs  were  re¬ 
moved  from  the  pressure  vessel  and  disassembled  for  final  Inspection. 
The  seal  systems  were  considered  to  have  successfully  completed  the 
cyclic  loading  test  If  no  liquid  ii&s  found  In  the  hollow  portion  of  the 
test  Jig  during  testing  or  upon  final  disassembly  and  If  no  visible 
damage  of  the  elastomeric  seal  was  noted  upon  final  Inspection. 

RESULTS  AND  DISCUSSIONS 

Visual  observations  of  seal  model  test  jigs  after  disassembly  are 
given  In  Table  3.  The  seal  test  jig  with  an  angular  seat,  rectangular 
groove  and  lip  seal  tested  as  a  flange  seal  showed  some  seal  damage 
after  20  test  cycles.  The  seal,  however,  remained  effective  and  allow¬ 
ed  no  leakage.  This  damaged  seal  Is  shown  In  Figure  1.  Damage  similar 
to  that  noted  in  this  seal  system  has  been  reported  In  similar  systems 
under  cyclic  loading.”  The  seal  test  jig  with  an  angular  seat,  ellip¬ 
tical  groove  and  0-rlng  seal  was  found  to  be  completely  full  of  liquid 
upon  final  disassembly.  The  seal  was  found  to  be  deeply  seated  In  the 
groove  which  removed  the  Initial  squeeze  from  the  seal  at  low  pressures 
causing  the  seal  to  leak  at  high  pressure.  All  other  seals  tested  as 
flange  seals  were  undamaged  after  20  test  cycles.  Light  rusting  of  the 
flange  material  of  the  test  jigs  In  set  #1,  especially  under  the  seal, 
did  not  result  In  any  seal  damage  or  leakage.  This  small  degree  of 
rusting  was  attributed  mainly  to  the  low  concentration  of  sodium  chrom¬ 
ate  Inhibitor  In  the  liquid  used  to  pressurize  these  test  jigs.  Sub¬ 
sequent  tests  were  conducted  using  a  higher  concentration  of  sodium 
chromate  as  a  rust  inhibitor;  no  rusting  of  the  flange  material  was 
noted . 

CONCLUSIONS 

Fourteen  flange  and  hatch  seal  systems  evaluated  in  this  phase  of 
testing  withstood  20  test  cycles  of  16  hours  at  5,000  psl,  8  hours  at 
0  psi  in  sodium  chromate  Inhibited  fresh  water  with  no  leakage.  The 
seal  system  using  an  0-rlng  In  an  elliptical  groove  was  found  to  be 
completely  full  of  liquid  upon  final  disassembly.  This  was  attributed 
to  the  forcing  of  the  ring  Into  the  deep  groove  causing  a  loss  of  low 
pressure  seal  compression.  This  loss  of  seal  compression  resulted  in 
high  pressure  seal  leakage.  Seal  damage  was  noted  in  some  cases  in  the 
lip  seal  system,  but  did  not  result  in  leakage.  Light  rust  found  under 
the  seals  In  one  test  was  attributed  to  an  insufficient  concentration 
of  sodium  chromate  Inhibitor  but  did  not  lead  to  any  seal  leakage. 
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FUTURE  PLANS 


Seal  test  jigs  of  the  types  tested  will  be  exposed  to  the  natural 
ocean  envlronitiant  for  extended  periods  at  both  deep  and  shallow  water 
test  sites.  Test  jigs  of  the  same  general  type  but  fabricated  from 
materials  representative  of  other  alloy  types  will  also  be  Included  In 
natural  environment  exposures  In  order  to  evaluate  the  effect  of 
corrosion  of  these  materials  on  their  usefulness  as  a  seal  flange. 

Cyclic  loading  tests  of  seals  as  both  flange  and  hatch  seal  systems 
will  be  conducted,  If  feasible,  In  natural  environments. 
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Table  1. 


Seal  System  Conflguiations. 


Jig  set  # 

Jig 

Co«/er^^^ 

Base 

Seal 

1 

A 

Flat-Rectangular  Groove 

Flat 

0-Rlng 

1 

B 

Flat-Rectangular  Groove 

Flat 

Lobed  Ring 

1 

C 

Flat-Rectangular  Groove 

Flat 

Lip  Seal 

1 

D 

Angular-Rectangular  Groove 

Angular 

0-Rlng 

1 

E 

Angular-Rectangular  Groove 

Angular 

Lobed  Ring 

2 

A 

Angular-Rectangular  Groove 

Angular 

Lip  Seal 

2 

B 

Flat-Dovetail  Groove 

Flat 

0-Ring 

2 

C 

Angular-Dovetail  Groove 

Angular 

0-Ring 

2 

D 

Angular-Elliptical  Groove 

Angular 

0-Rlng 

2 

E 

Flat-Rectangular  Groove 
with  anti-extrusion  device 

Flat 

Lobed  Ring 

3 

A 

Flat-Dovetail  Groove 

Flat 

Lobed  Ring 

3 

B 

Angular-Dovetail  Groove 

Angular 

Lobed  Ring 

3 

C 

Flat-Rectangular  Groove 
with  anti-extrusion  device 

Flat 

0-Ring 

3 

D 

Angular-Rectangular  Groove 
with  anti -extrusion  device 

Angular 

0-Ring 

3 

E 

Angular-Rectangular  Groove 
with  anti-extrusion  device 

Angular 

Lobed  Ring 

(1) 


Detailed  descriptions  of  each  cover. 
Reference  5. 


base,  and  seal  are  given  in 
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Table  2.  Cyclic  Loading  Pressure  Durations. 


— 

Test  Jigs 

Cycle  # 

Hours  at 

5,000  psi 

Set  #1 

1 

16 

2 

16 

3 

16 

4 

16 

5 

16 

6 

16 

7 

16 

8 

64 

9 

16 

10 

16 

11 

16 

12 

16 

13 

64 

14 

16 

15 

16 

16 

16 

17 

16 

18 

64 

19 

16 

20 

16 

Set  #2 

1 

16 

2 

16 

3 

64 

4 

16 

5 

16 

6 

16 

7 

16 

8 

20 

9 

16 

10 

16 

11 

16 

12 

16 

13 

64 

14 

16 

15 

16 

16 

16 

17 

16 

18 

64 

19 

16 

20 

16 

Hours  at 
0  psi 
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Table  2.  Cyclic  Loading  Pressure  Durations  (cont'd) 


Hours  at 

Hours  at 

Test  Jigs 

Cycle 

5,000  psl 

0  psl 

Set  #3 

1 

16 

8 

2 

64 

8 

3 

16 

8 

A 

16 

8 

5 

16 

8 

6 

16 

8 

7 

64 

8 

8 

16 

8 

9 

16 

8 

10 

16 

8 

11 

16 

8 

12 

88 

8 

13 

16 

8 

14 

16 

8 

15 

16 

8 

16 

64 

8 

17 

16 

8 

18 

16 

8 

19 

16 

8 

20 

16 

Table  3.  Visual  Observations  on  Seal  Model  Test  Jigs  After 
Cyclic  Loading 


Visual 

Observations 

Jig  #* 

Jig  Bottom 

Jig  Cover  &  Groove 

Seal 

U 

No  leakage-very 
light  rust  under 
seal 

No  rusting 

No  damage 

IB 

No  leakage-very 
light  rust  one 
area  under  seal 

No  rusting 

No  dajnage 

1C 

No  leakage-very 
light  rust  under 
seal 

Light  rust  under 
sealant 

No  seal  damage,  seal 
adhesive  extruded  both 
sides  of  seal 

ID 

No  leakage- light 
rust  away  from 
seal 

No  rusting 

No  damage 

IE 

No  leakage- light 
rust  away  from 
seal 

No  rusting 

No  damage 

2A 

No  leakage 

No  rusting 

No  rusting 

Lip  seal  worn,  seal 
adhesive  extruded  both 
sides  of  seal 

2B 

No  leakage 

No  rusting 

No  rusting 

No  damage 

2C 

No  leakage 

No  rusting 

No  rusting 

No  deunage 

2D 

Full  of  liquid 

No  rusting 

No  rusting 

No  damage 

2E 

No  leakage 

No  rusting 

No  rusting 

No  damage 

Table  3.  Visual  Observations  on  Seal  Model  Test  Jigs  After 
Cyclic  Loading  (cont'd) 


Visual  Observations 


Jig  #* 

Jig  Bottom 

Jig  Cover  &  Groove 

Seal 

3A 

No  leakage 

No  rusting 

No  rusting 

No  damage 

3B 

No  leakage 

No  rusting 

No  rusting 

No  damage 

3C 

No  leakage 

No  rusting 

No  rusting 

No  damage 

3D 

No  leakage 

No  rusting 

No  rusting 

No  damage 

3E 

No  leakage 

No  rusting 

No  rusting 

No  damage 

*Jlg  numbers  correspond  to  those  In  Table  1. 


Figure  1.  Lip  eeel  damage  after  20  cyclea.  Angular 
flange  eeal  with  rectangular  groove. 
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